Loop substitution as a tool to identify active sites of interleukin-1 beta.
By computer analysis of the amino acid sequence of human interleukin-1 beta (IL-1 beta) and of the human type I IL-1 receptor (IL-1RI), we have identified two hydropathically complementary peptides (Fassina, G., Roller, P. P., Olson, A. D., Thorgeirsson, S. S., and Omichinski, J. G. (1989) J. Biol. Chem. 264, 11252-11257) capable of binding to each other. The sequence of the IL-1 beta peptide corresponds to that of residues 88-99 (loop 7 of the crystal structure of mature IL-1 beta) of mature IL-1 beta, one of the exposed and highly charged regions of the molecule. The substitution of this loop with an amino acid sequence of the same length but different hydropathic profile generates a mutant with drastically reduced binding activity to IL-1RI. In contrast, the binding affinity to the type II IL-1R (IL-1RII) is the same as that of wild type IL-1 beta. The results show that 1) loop 7 is part of the binding site of IL-1 beta to IL-1RI, but not to IL-1RII. 2) The structure of the mutant protein is not grossly altered except locally at the position of the substituted loop. 3) The substitution of amino acids by site-directed mutagenesis of the loop 7 region generates mutants with binding affinity constants slightly lower than that of wild type IL-1 beta and not comparable to that of the loop substitution analogue. 4. All mutants analyzed, including the loop substitutions, are biologically active, confirming the structural integrity of the proteins. We propose a binding site in which the cooperation of several low energy bonds extended over a wide area results in a high affinity complex between IL-1 and the type I receptor.